Despite great strides in technological innovations and the emergence of a wide range of treatments for wounds, non-healing wounds continue to perplex and challenge doctors. Various non-surgical approaches have been developed and numerous drugs have been introduced to aid the management of such wounds.
Multilayer compression bandaging, such as the four layer method, is well established in the management of venous leg ulcers. It consists of four layers-padding, a crepe bandage, and classes 3a and 3b (UK classification) compression bandages-applied from the base of the toes to knee. Ideally, it should be left in place for four to seven days. Although effective, the bulkiness of these layers may lead to non-compliance in some patients. Its use is limited in heavily exuding ulcers as repeated dressing changes may be needed. 
Intermittent pneumatic compression
Intermittent pneumatic compression is effective in treating longstanding venous leg ulcers associated with severe oedema that are refractory to conventional compression therapy alone.
Intermittent pneumatic compression provides compression (range 20-120 mm Hg) at preset intervals (average 70 seconds) through an electrically inflatable "boot" of variable lengths. It is generally used two hours a day for up to six weeks. It improves venous and lymphatic flow and is useful in patients with comorbidities that limit mobility. It should be used as an adjunct to, rather than a substitute for, conventional compression therapy. Care should be taken in patients with cardiac failure.
Vacuum assisted closure
Vacuum assisted closure is a non-invasive, negative pressure healing technique that is used to treat a wide range of chronic, non-healing wounds.
The vacuum assisted closure device uses controlled subatmospheric pressure to remove excess wound fluid from the extravascular space, leading to improved local oxygenation and peripheral blood flow. This promotes angiogenesis and formation of granulation tissue, which are particularly useful in deep cavitating wounds to expedite "filling" of the wound space.
Vacuum assisted closure is contraindicated in patients with thin, easily bruised or abraded skin and in those with neoplasms as part of the wound floor. Cost and patient adherence may be issues of concern in some cases.
Hyperbaric oxygen
The use of hyperbaric oxygen has been recommended as an adjunctive therapy to treat a variety of non-healing wounds (as many non-healing tissues are hypoxic). Treatment is given by increasing the atmospheric pressure in a chamber while the patient is breathing 100% oxygen. Side effects such as seizures and pneumothorax have been reported with hyperbaric oxygen.
A systematic review of the Cochrane database, however, has found insufficient evidence for its effectiveness in healing chronic wounds, although it might have a role in reducing the risk of major amputation in patients with diabetic foot ulcers (see third article this series).
Biosurgery (myiasis)
Biosurgery uses sterile maggots (usually of the green bottle fly, Lucilia sericata), which digest sloughy and necrotic material from wounds without damaging the surrounding healthy tissue.
They have been shown in small scale trials to be useful in the treatment of venous, arterial, and pressure ulcers. Some patients complain of increased pain in the wound, and psychological discomfort and aesthetics may be issues for some individuals.
Other approaches
Other non-surgical approaches that have a scientific basis and thus have been advocated in the treatment of chronic wounds include radiant heat dressing, ultrasound therapy, laser treatment, hydrotherapy, electrotherapy, electromagnetic therapy, and PUVA therapy (psoralen plus ultraviolet A irradiation).
However, few randomised controlled trials have studied the effectiveness of these treatments. 
Drugs
Pentoxifylline, a methylxanthine that improves perfusion of peripheral vascular beds, is useful in patients with ulcers secondary to peripheral vascular disease. It improves capillary microcirculation by decreasing blood viscosity and reducing platelet aggregation. It may also inhibit tumour necrosis factor-, an inflammatory cytokine involved in non-healing wounds. Although mainly indicated for ulcers secondary to peripheral vascular disease, pentoxifylline is useful in patients with venous leg ulcer who cannot tolerate compression or in whom compression is ineffective. It may also be beneficial in rare but complex ulcers such as sickle cell ulcers, livedoid vasculitis, and necrobiosis lipoidica.
Iloprost, a prostacyclin analogue, is an established treatment for intermittent claudication, severe limb ischaemia, and prevention of imminent gangrene, and to reduce the pain and clinical symptoms associated with Raynaud's disease. Intravenous iloprost is useful in promoting healing of arterial ulcers and vasculitic ulcers secondary to connective tissue diseases such as rheumatoid arthritis and scleroderma.
Antimicrobials including iodine based preparations and silver releasing agents are used to treat infected wounds (there may be a dose dependent effect). Antimicrobial agents target bacteria at several level (cell membrane, cytoplasmic organelle, and nucleic acid), thus minimising bacterial resistance. They can be used either on their own or in conjunction with systemic antibiotics. The many silver releasing agents, in dressing form, aim to deliver sustained doses of silver to the wound. In addition to the microbicidal effect of silver on common wound contaminants, silver may also be effective against methicillin resistant Staphylococcus aureus (MRSA).
Glyceryl trinitrate, a nitric oxide donor, is effective in the management of chronic anal fissures when applied topically as 0.2% ointment. Nitric oxide causes vasodilatation, and uncontrolled studies have suggested a potential role for glyceryl trinitrate in treating chronic wounds of ischaemic aetiology, including vasculitic ulcers. Headache, sometimes troublesome, is the most commonly encountered side effect with glyceryl trinitrate: lower concentrations may avoid this side effect.
Calcium antagonists such as diltiazem and nifedipine are useful in treating vasculitic ulcers secondary to Raynaud's disease and connective tissue diseases. In Raynaud's disease, they restore blood flow to the digits and thus are useful in treating ulcers and the prevention of necrosis in the extremities. Zinc, an antioxidant, used in a paste bandage may be useful in treating infected leg ulcers. Oral zinc sulphate treatment may be beneficial in patients with chronic ulcers who have low serum zinc levels.
Non-surgical approaches that have been advocated for treating chronic wounds
Phenytoin, applied topically, promotes wound healing by inhibiting the enzyme collagenase. It is effective in some low grade pressure ulcers and trophic ulcers due to leprosy. The possibility of systemic absorption and toxicity has limited its use.
Retinoids (derived from vitamin A) have an impact on wound healing through their effects on angiogenesis, collagen synthesis, and epithelialisation. Vitamin A is necessary for normal epidermal maintenance. Although the value of retinoids in chronic wounds is unclear, topical tretinoin (0.05-0.1%) has been shown to accelerate re-epithelialisation of dermabraded and chemically peeled wounds in humans, and partial and full thickness wounds in animal models.
Analgesics are needed for many ulcers. They may range from simple analgesics to opiates in individuals whose the pain is severe. Pain from ulcers associated with neuropathy may benefit from treatment with certain tricyclic antidepressants (such as amitriptyline) or antiepileptic drugs (such as gabapentin). Intractable pain may necessitate intervention by specialist pain management teams.
Natural products
Honey, of the pasture and manuka varieties, has some antibacterial action, inhibits excessive inflammatory response, and promotes autolytic debridement. It is available as an impregnated dressing or as a gel. Honey is used in the treatment of a range of chronic wounds. Clinical data to support its widespread use are limited, however, with insufficient evidence on the type of wounds that may benefit and the amount and duration of application required.
Many other natural products-including yoghurt, tea tree oil, and potato peeling-have been used in various parts of the world to treat ulcers with varying degrees of success; controlled studies are lacking.
Drugs and agents that impair healing
Vasoconstrictors, such as nicotine, cocaine, adrenaline (epinephrine) and ergotamine, cause tissue hypoxia by adversely affecting the microcirculation, leading to impaired wound healing. They should be avoided in patients with acute, surgical, or chronic wounds. Little evidence exists to suggest that immunosuppressants and antineoplastic drugs (such as azathioprine, ciclosporin, cyclophosphamide, methotrexate) affect wound healing in humans. Patients taking immunosuppressants, however, have a slightly increased risk of developing malignant ulcers. A biopsy should be taken if an ulcer develops in these patients.
